Previous studies with yeast pyruvate decarboxylase (EC 4.1.1.1) have led us to conclude that this enzyme catalyzes a two-step reaction (2). In the first step pyruvate combines with TPP, ' as an enzyme-bound complex, and is decarboxylated to 2-hydroxyethyl TPP (Reaction (1)). Since 2-hydroxyethyl TPP is a relatively stable compound (3), a second action of this enzyme must involve the splitting of this complex to yield free acetaldehyde (Reaction (a)), as shown in the following reactions.
CH,-CSCOOH + TPPCHa-CHOH-TPP + COn
CH:j-CHOH-TPP -CHI-CHO + TPP
Sum: CH,-C+COOH --CHI-CHO + CO, A minor side reaction also catalyzed by this enzyme is the condensation of enzyme-bound 2-hydroxyethyl-TPP with acetaldehyde to form acetylmethylcarbinol (AMC) (Reaction (4)).
CHq-CHOH-TPP + CH,,-CHO -CH,-CO-CHOH-CH, + TPP
The present work reports on the properties of pyruvate decarboxylase both from a strain of Bakers' yeast and from a mutant derived from this organism.
Enzyme from the mutant strain was characterized by a lowered capacity for acetaldehyde formation (Reaction (3)), relative to AMC formation (Reaction (4)), than was normally found for enzyme from the parent organism.
Unlike wild-type pyruvate decarboxylase, which simultaneously loses both acetaldehydeand AMC-forming ability upon aging, mutant enzyme was shown to have an enhanced instability for the former but not for the latter activity.
Some of the factors which stabilize pyruvate decarboxylase have been examined in this communication.
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The peculiar instability of the mutant enzyme has been shown, in the accompanying paper (4), to be the result of a greater activity in this strain of a normally occuring proteolytic enzyme which selectively destroys the second catalytic site of pyruvate decarboxylase.
EXPERIMENTAL PROCEDURE Growth of yeast. Saccharomyces cereuisiue, strain LK2G12, was grown in carboys containing 10 liters of a medium consisting of 5% glucose, 0.3% proteose peptone, 0.3% yeast extract, and 0.2% KHZPO,. The inoculum was an overnight culture of 100 ml of the same medium seeded with a small amount of yeast paste from a Sabaroud's stock agar slant. After incubation for 24-36 hours at 30° without stirring or aeration, the cells were removed by passing the culture through a Sharples centrifuge, washed once with 200 ml of water, spread in a layer approximately 2-3 mm thick on a sheet of glass, and allowed to air dry at mom temperature for 2-4 days. Dried cells (22 grams per 10 liters of medium) were stored in a screw cap bottle at 5" for not longer than 1-2 weeks.
Growth of bacteria. Zymomonas mobilis (A?TC 10988) was grown without shaking at 30' in the medium described above for the growth of yeast.
Acetobacter suboxydans (A'M'C 621) was grown with aeration at 30' in a medium consisting of 0.5% glycerol, 1% proteose peptone, and 1% yeast extract.
Aerobacter aerogenes was grown as previously described (5). Escherichia coli, strain B, was grown as described by Krakow et al. (6) for isolation of glyoxylate carboligase. Micmcoccus ureae was grown as previously described (7) for isolation of diacetyl carboligase (8).
Prepumtion of ertmcts.
Lebedev extracts of yeast (9) were prepared by extracting dried cells with 5-10 volumes of 0.1 M sodium phosphate, pH 7.0, at 5' for 24 hours. Sonic extracts of bacterial suspensions (of wet packed cells) were prepared as previously described (8). Pigeon breast muscle pyruvic oxidase was prepared according to Jagannathan and Schweet (IO). Yeast pyruvate decarboxylase was resolved for cofactors as described by Green et OZ. (11) .
Isolation of mutant yeast stmin.
A thin aqueous suspension of wild-type yeast in a Petri dish was exposed to a germicidal ultraviolet lamp for one minute and the treated suspension was streaked on plates containing Endo agar (Difco) supplemented with 5% glucose. Normal yeast cells produced redpurple-colored colonies, due presumably to the reaction of aldehydes with the basic fuchsin-sulfite complex in this medium (12). A few mutant colonies, which were small and colorless, were isolated as strains possibly defective in ability' to produce acetaldehyde from pyruvate. One of these mutants has been used in the studies described below.
Partial purification of yeast pyruvate decarbox-
ylase. An outline of the purification procedure used is given in Table I . Dried wild-type cells were extracted with 10 volumes of 0.5 M sodium phosphate, pH 7.0 for 24 hours at 5". The cells were then removed by centrifugation. Concentrated solutions of TPP and MgSO., were added to give final concentmtions of 1.3 x 10-j M and 2 X 10e3 M, respectively. Heating was accomplished by placing the above solution in a water bath at 65' and stirring until the temperature bad reached 60". The enzyme solution was then placed in a W water bath where it remained for 30 minutes. The resultant solution, which contained copious masses of heat precipitated protein, was cooled in an ice bath and the denatured protein was removed by centrifugation. To the resulting supematant solution (Fraction 2) was added sufficient solid (NH&SO, to give a solution that was 58% saturated. The precipitated protein was removed by centrifugation and dissolved in 100 ml of distilled water (Fraction 3, volume = 108 ml). An alumina Cy solution (22 ml containing 23 mg dry weight per ml) was centrifuged to precipitate the alumina gel and to this was added the entire solution of the (NH&SO, precipitate. After stirring for The acidified reaction mixture was cooled in an ice bath and 2.0 ml aliquots were added to the outer rings of cooled (5') Pyrex Conway dishes, the center wells of which contained exactly 1.0 ml of freshly prepared 0.01 M semicarbazide HCl. This transfer was made as rapidly as possible to avoid loss of acetaldehyde by volatilization. The cover of the Conway dish was sealed with glycerine and kept in place by a rubber band which held the entire unit fixed to a removable incubator shelf. Conway dishes, set up in duplicate, were incubated at 30' for 3 hours. After this period, 0.25 ml of the center well fluid was added to 2.75 ml of water in a l-cm spectrophotometer cuvette and the absorbance at 222.5 rnp determined using a reagent blank to set the spectrophotometer to zero absorbance. The net absorbance for 0.1 pmole of acetaldehyde in a 3.0 ml volume is 0.380. A control Conway dish, containing all components of the reaction mixture, except for the enzyme, was also included to correct for a small liberation of acetaldehyde when pyruvatecontaining solutions are acidified. Figure  1 shows the formation of acetaldehyde with time using the above assay procedure. strains isolated indicate that there was the usual increase in ability to form AMC with time of extraction (Fig. 3) . By contrast with wild-type cells, however, acetaldehyde-forming activity of the mutant extract first increased and then fell off during the 48-hour extraction period (Fig. 3) .
Enzyme from the mutant strain was aged at 51~ to test the relative stability of the two activities (Table II) . Upon incubation in 0.1 M phosphate buffer the rate of acetaldehyde formation decreased rap-idly. By contrast, the rate of AMC formation remained essentially constant during 36 hours of incubation. The decarboxylating activity of wild-type enzyme showed a decrease of 3Qc( during a 92-hour incubation period, but there was a corresponding decrease in AMC-forming activity.
In this latter case, the activity ratio did not change significantly. It would thus appear that, unlike wildtype enzyme, the mutant decarboxylase showed an unusual kind of instability by virtue of which acetaldehyde-forming activity is lost while the ability to form AMC remains relatively unimpaired. Stabilization of pyruvate decarboxylase. Pyruvate decarboxylase has been reported to be an unstable enzyme (19, 20) . In view of the increased instability of mutant enzyme, described above, efforts were made to stabilize the decarboxylase so that it could be purified. boxylase requires TPP and a divalent cation such as Mg--for activity, these cofactors were also included in the stabilization studies. It soon became apparent that high concentrations of inorganic phosphate do indeed exert profound stabilization effects, and that TPP and Mg--are also required. Fig. 4 shows the recovery of wild-type decarboxylase after heating for a standard test period of 30 minutes at 60". Although the native enzyme was already almost completely saturated for cofactors (about 85'r), stability to heating is a function of TPP concentration as well as phosphate concentration.
Thiamine or thiamine monophosphate could not substitute for TPP and were ineffective in affording protection against heat. The results obtained were independent of the concentration of enzyme used. With crude enzyme preparations only TPP and phosphate were required for stabilization, and added Mg'+ ions had no further influence on stability to heating. When such crude enzyme preparations were passed through a column of Sephadex G-25, to remove small molecules, the cofactor requirements for decarboxylating activity remained the same as that of the untreated enzyme. Gel filtration, however, did result in a preparation that showed a requirement for divalent cations, as well as for TPP, for stabilization to heating (Fig. 5) .
When heating was done in 1.0 M phosphate buffer, it was observed that significant protection was obtained even in the absence of added cofactors (Figs. 4 and 5) . A study of stability to heating in the presence or absence of added cofactors as a function of phosphate buffer concentration (Fig. 6 ) revealed that addition of cofactors resulted in profound protective effects when the concentration of phosphate buffer was less than 1.6 M. When the concentration of phosphate buffer was maintained above 1.6 M during heating, it was not necessary to add cofactors to achieve maximum stabilization.
The data in Fig. 7 show that high concentrations of ammonium sulfate can re-JUNI AND HEYM place phosphate in achieving protection against heating.
The pH optimum for such stabilization to heating is pH 5.9 (Fig. 8) are also effective stabilizing agents in replacing phosphate. Heating in the presence of 0.1 M phosphate, cofactors and 0.5 M oxalate, nitrate, malonate, or maleate resulted in complete loss of decarboxylating activity. Stability of enzyme resolved for cofactors.
Wild-type decarboxylase was resolved for cofactors using the alkaline ammonium sulfate precipitation procedure of Green et al. (11) . Stability to heating of the resolved enzyme in 1.0 M phosphate buffer was dependent upon addition of cofactors (Table III) . It was somewhat surprising to find that addition of TPP alone was able to confer maximum stability to heating of the resolved enzyme preparation.
Heating in the presence of Mg++ alone or in the absence of both cofactors resulted in complete denaturation (Table III) . Preincubation of resolved enzyme with TPP for 15-30 minutes before heating resulted in the recovery of 15-207; more active enzyme after the heat treatment than was the case when heating was started immediately after addition of TPP.
Activity of resolved enzyme in the absence of added divalent cations. The finding that enzyme resolved for cofactors can be stabilized to heating by addition of a high concentration of TPP in the absence of divalent cations (Table III) (Figs. 4 and 6) , the results of the experiments presented in the accompanying paper (4) lead us to conclude that the primary stabilizing action of inorganic phosphate consists of the inhibition of destructive proteolytic enzymes.
The finding that TPP alone, in the absence of divalent cations, was sufficient to stabilize resolved pyruvate decarboxylase in the presence of 1.0 M phosphate buffer (Table III) Such an interpretation helps explain the findings of other workers that nearly all resolved TPP enzymes have some activity in the presence of added TPP in the absence of divalent cations (11, 24, 25, 26, 27) . For the case of wheat germ pyruvate decarboxylase, Singer and Pensky (24) ) showed that resolved enzyme had 23% of the maximal activity in the presence of a low concentration of TPP alone. Detailed spectral analysis of this enzyme and the buffer used in the assay failed to reveal a significant concentration of divalent cations. Horecker et al. (28) have demonstrated that resolved liver transketolase is fully activated with TPP alone, addition of divalent cations having no effect on the activity of the enzyme. This result is completely different from that for resolved spinach transketolase where divalent cations are required in addition to TPP to fully activate this enzyme (28). The studies of Datta and Racker (29) , with yeast transketolase, have shown that previous exposure of resolved enzyme to TPP, which did not serve to form an active enzyme, made it impossible to obtain full activity upon subsequent addition of divalent cations. The authors suggest (29) that TTP alone may combine improperly with the enzyme and that this combination may prevent the catalytically active combination from
